Introduction
Vaginal cancer is a rare disease that is difficult to treat, often with poor clinical outcomes [1] . More importantly, therapeutic options for vaginal cancer are limited [2] , and certain treatment options, such as a vaginectomy, worsen the individual's quality of life [3] . Smoking, early sexual debut, multiple sexual partners, diagnosis of other anogenital cancers, and a prior hysterectomy are risk factors associated with vaginal cancer [4, 5] . In the United States (US), disparities by demographic characteristics have been demonstrated as well. Black non-Hispanic and Hispanic women are more likely to be diagnosed with late-stage (invasive) vaginal cancer-as are older women across all racial/ethnic groups US [5] .
The precursor to vaginal cancer is vaginal intraepithelial neoplasia (VaIN), a Human Papilloma Virus-(HPV-) related premalignant condition [6] . VaIN is an important disease to understand, because of the associated risk of progression to vaginal cancer [7] . Studies examining VaIN are limited, however, due to the rarity of its occurrence in the general population [8] ; however, previous epidemiological studies (15 to 40 years earlier) estimated the incidence of VaIN to be approximately .2 to .3 per 100,000 for women living in the US [9, 10] [11] and in Europe [12] [13] [14] . There is, unfortunately, a high rate of relapse of VaIN, which is associated with HPV positivity and the presence of HPV condylomas (anogenital warts) [15] . The diagnosis of VaIN is more prevalent among women who 2 Interdisciplinary Perspectives on Infectious Diseases are immunosuppressed, including women living with HIV [16] .
The epidemiology of VaIN among women living with HIV (WLWH) in the US is even less known, with a paucity of studies examining the cooccurrence of VaIN and HIV. A recent, 12-year, multicenter, study reported on the vaginal biopsies of 255 WLWH (67% Black, 18% Hispanic), where 53% were diagnosed with VaIN 1, 15% were with VaIN 2 or higher, and 33% of the biopsies were negative for VaIN [17] . Smeltzer et al. [18] reported on 54 posthysterectomy WLWH (80% Black, 12% Hispanic): 43% were diagnosed VaIN 1, 29% were VaIN 2 or higher, and 28% were negative for VaIN [18] . Risk factors, including smoking, low CD4 counts, high HIV viral load counts, and not taking antiretroviral medication (ARV) were associated with VaIN diagnosis [17] . Posthysterectomy WLWH are more likely to be diagnosed with abnormal Pap smear results and VaIN, compared to posthysterectomy HIV-seronegative women [17, 18] .
Miami-Dade County (Miami) has the highest HIV transmission rate in the US, and non-Hispanic Blacks are disproportionately affected by the HIV epidemic [19] . In fact, when the demographic profile of Miami is disaggregated by ethnic groups, Caribbeans-including US-born and foreignborn individuals from Haiti, Jamaica, and other Caribbean nations-make up 33% of the Black non-Hispanic population of Miami [19] . Most US-based studies aggregate Black nonHispanics into one racial/ethnic group when describing VaIN and vaginal cancer. In this study, the data is disaggregated across two major ethnic groups of non-Hispanic women of Black race-African American and Caribbean American.
In Miami, this distinction is important for several reasons: (1) the highest rate of anogenital cancers in the Western Hemisphere occur among women living in Caribbean [20] ; and (2) Haitian women living in Miami-US-born and foreign-born [21] and Haitian women living in Haiti [22, 23] -are more likely to be diagnosed with HPV and other vaginal infections linked to anogenital cancers [23] . Comparing the demographic and clinical profile of nonHispanic WLHW of the Black race diagnosed with VaIN may offer insight into the epidemiology of this rare condition among non-Hispanic Blacks, who bear a disproportionate burden of VaIN, vaginal cancer, and HIV. The purpose of this study is to compare the demographic characteristics and initial clinical outcomes of non-Hispanic Black WLHW diagnosed with VaIN in the largest, specialty care gynecology HIV clinic dedicated to anogenital dysplasia screening in Miami. The clinic is managed by an interdisciplinary team of Gynecological Oncology and Infectious Disease specialists. 
Study Methods

Results
Baseline
Characteristics. This study included 63 patients who met criteria. Baseline demographic, socioeconomic status, and social-behavioral and clinical characteristics were analyzed by ethnic group (see Table 1 ). Caribbean Americans were older by three years (55.5±7.3 vs. 52.3±7.6) and had been living with HIV approximately three years longer than the African Americans (14.4 ± 7.2 vs. 11.3 ± 6.9 years). A higher proportion (79% vs. 59%) of Caribbean Americans were over the age of 50; the difference by age group approached (p=0.05) but did not reach significance. Whereas a significantly higher proportion of African Americans, compared to Caribbean Americans (77% vs. 46%; p=0.011), relied on Medicaid/Medicare as their primary source of healthcare reimbursement, a significantly higher proportion of Caribbean Americans were uninsured (46% vs. 15%; p=0.006). African Americans were more likely to report past or current history of cigarette use (56% vs. 8%; p≤0.001). No (0%) Caribbean Americans, compared to 33% of African Americans, endorsed past or current use of illicit substances (p≤0.001). The majority of patients across both ethnic groups were virologically suppressed (<200 copies/mL), prescribed ARV, and not severely immunocompromised (i.e., CD4≥200) at baseline; no significant differences were found overall by viral load suppression or ARV use. (see Table 1 ).
Gynecological History at Baseline.
Baseline gynecological history and vaginal biopsies are summarized in Table 2 . An overwhelming majority of patients among both the African American cohort and the Caribbean American cohort, 90% and 88%, respectively, were posthysterectomy. For a higher proportion of Caribbean Americans, fibroids and dysplasia, 45% and 30%, respectively, were the primary indications for the hysterectomy. There was a trend towards higher grades of abnormalities on baseline Pap smear results for the African American cohort. Low Grade SIL (LSIL) was found for 61% of the African Americans and 50% of Caribbean Americans. One high grade/invasive cancer Pap result occurred among the African American group (see Table 2 ). Table 3 summarizes the vaginal biopsy results at baseline and follow-up, stratified by ethnic group. For more The follow-up biopsy data were then reduced to two categories to indicate progression or nonprogression ( Table 3) . The "nonprogression/regressed" category included the subsequent biopsies that regressed to a lower grade VaIN or remained at the same grade. Although the differences were not significant, a larger proportion of African Americans progressed to higher grades of VaIN (58% vs. 25%; p=0.13), compared to Caribbean Americans.
Baseline by VaIN Grade by Ethnicity.
We then further stratified patient baseline characteristics by VaIN grade within ethnic group, which is tabulated in Table 4 . Among the Caribbean Americans, the use of ARVs was lower for those diagnosed with VaIN 2+ (83%), compared to those diagnosed with VaIN 1 (100%); also, a higher proportion of Interdisciplinary Perspectives on Infectious Diseases 5 Caribbean Americans with VaIN 1 had CDC-defined AIDS (88%), compared to African Americans (80%).
The number of observations was small, but a few findings at baseline are worth noting (Table 4 ). We found 100% of patients with VaIN 2+ for both ethnic groups had CDCdefined AIDS. Across the four groups (VaIN grade within ethnic group), the following was observed: the highest proportion of detectable viral load occurred among the VaIN 1 (50%) of Caribbean Americans; the lowest rate of ARV treatment occurred among the VaIN 2+ of Caribbean Americans; the lowest rate of history of hysterectomy occurred among the VaIN 2+ of Caribbean Americans; yet, the highest rate of hysterectomy due to dysplasia occurred among the VaIN 2+ of Caribbean Americans, and the highest rate of hysterectomy due to fibroids occurred among the Caribbean Americans.
When examined by baseline vaginal biopsy, we found the following with respect to cigarette and illicit drug use. Among the African Americans, there was an equal proportion that endorsed cigarette use (VaIN 1 vs. VaIN 2+). The only smoker among the Caribbeans was found among one of the six patients diagnosed with VaIN 2+. No illicit substance use occurred among the Caribbean Americans; among the African Americans, 80% of VaIN 2+ and 40% of VaIN 1 endorsed illicit drug use (see Table 4 ).
Discussion
In this retrospective study of two ethnically diverse, major groups of non-Hispanic Black WLWH in the US, biopsied for vaginal lesions, 58% of the African Americans and 25% of the Caribbean Americans progressed to a higher grade VaIN at follow-up. Our baseline rate of 17% VaIN 2+ was slightly higher than the results of a recent, US-based, 12-year, multisite study of 255 WLWH (67% Black, 18% Hispanic)-where 15% were diagnosed with VaIN 2+ [17] -but lower than a cohort study reporting on 54 posthysterectomy WLWH (80% Black, 12% Hispanic), with a rate of 29% diagnosed with VaIN 2+ [18] . In our cohort, 11 out of approximately 1,600 women of Black race, receiving gynecological care from 2009-2016, were diagnosed with VaIN 2+-yielding an overall prevalence rate of approximately 6.9 per 1000 WLWH of Black race, diagnosed with VaIN 2+. To our knowledge, this represents one of the largest cohorts of WLWH, where patients were managed at a single institution, by an interdisciplinary team of Gynecological Oncology and Infectious Disease specialists. The diagnosis, care, and treatment of vaginal dysplasia were more or less homogeneous.
At baseline, where 89% of patients presented with a history of hysterectomy, there was a trend towards higher grades of abnormalities detected on Pap smear test for the African American group, compared to Caribbean Americans. It is known that posthysterectomy WLWH are more likely to be diagnosed with abnormal Pap test [17, 18] . The only case of high grade/invasive cancer detected on Pap test occurred among the African American group, who had the highest rate of cigarette and illicit substance use. Previous studies reported that smoking, not taking ARV medications, and high HIV viral load counts were associated with a VaIN diagnosis [17] . In this cohort, African Americans were significantly more likely to report past or current history of cigarette use (56% vs. 8%; p≤0.001). When stratified by VaIN grade within ethnic group, 60% of African Americans who were VaIN 2+ endorsed cigarette use. The only smoker among the Caribbeans was one of the six patients diagnosed with VaIN 2+. Among the African Americans, 80% of those diagnosed with VaIN 2+ endorsed illicit drug use. To date, no other study reported on illicit substance use and the occurrence of VaIN among WLWH. Consistent with other findings, smoking [17] (among the African-Americans in our cohort) was associated with a higher grade of VaIN in this cohort.
The lowest rate of ARV treatment and the highest rate of hysterectomy due to dysplasia occurred among the VaIN 2+ group of Caribbean Americans. Also, the highest rate of hysterectomy due to fibroids occurred among the Caribbean Americans. Consistent with other studies [17, 18] , women who are posthysterectomy (majority of the cohort) are more likely to be diagnosed with VaIN, and not taking ARV (among the Caribbean-Americans in our cohort) is associated with higher grade VaIN.
Length of time living in the US among the Caribbean Americans was not captured in the database; and so it is possible that a proportion of the Caribbeans had been living in the US for a shorter time, had not established residency in the state, and were therefore uninsured and not taking ARVs. It is possible that these women sought care later in the disease process at the time of hysterectomy-hence the higher rate of a history of hysterectomy due to dysplasia-or when biopsied for suspicious vaginal lesions-hence the higher rate of VaIN 2+ at baseline. It has been shown in the general population that shorter time in the US for immigrants is associated with a lower prevalence of cigarette and illicit drug use, which could account for the significantly lower proportion of cigarette use (8% vs. 56%) and illicit drug use (0% vs. 33%) for the Caribbean Americans, compared to the African Americans.
It was not possible to fully assess HPV positivity, nor the true rate of VaIN recurrence in this cohort, but two interesting findings in the literature regarding HPV and VaIN recurrence are worth noting here. First, while HPV positivity is a known precursor to anogenital dysplasia and cancer, a recent meta-analysis demonstrated that HPV positivity in vulvar cancer and other cancers, head and neck cancer, for example, predicted significantly longer survival [25] . Second, studies that reported on factors associated with VaIN and its recurrence posttreatment suggested that among the general, non-HIV population the correlation may be due to closer monitoring that occurs after hysterectomy [15] .
We acknowledge several limitations of our study. First, this was a retrospective analysis of information captured in a database designated for HIV general and specialty gynecological care. The dataset included data of WLWH biopsied for suspicious vaginal lesions. Second, the cohort consisted of a convenience sample of 63 WLWH biopsied from 2009 to 2016-historical information was not available for this analysis. Third, the results summarized for the followup biopsies are biased, as they are limited to data available in the database only. Information regarding loss-to-follow-up could not be ascertained. Fourth, the analyses were limited to variables coded in the database. Length of time in the US for the Caribbean Americans, for example, was not available but may have provided a better description about these women. Finally, screening for the oncogenic strains of HPV was not routinely conducted during the study period, which limited the ability to further describe VaIN abnormalities among this cohort.
This study is significant and relevant for several reasons. First, this study highlights the importance of understanding VaIN among two of the subgroups most disproportionally affected by VaIN-namely, older women and minorities. To our knowledge, this is the only published study disaggregating the occurrence of VaIN, a precursor to vaginal cancer, among US women of the Black race, in general, and specifically among WLWH. The analysis included a cohort of older, WLWH, self-identified as African American or Caribbean American. Vaginal cancer is largely preventable via the use of HPV vaccines, which target the most oncogenic HPV genotypes that contribute to the majority of vaginal cancers [26] ; but vaccination is an option only for adolescents and young adults; furthermore, long-term survival, after vaccination, has yet to be determined [27] . Second, the occurrence of vaginal cancer is rare and treatment options are limited; yet, increasingly a smaller number of clinical trials are available to address the diagnoses of VaIN and vaginal cancer [28] . Third, the Caribbean American WLWH in Miami are predominantly of Haitian, Bahamian, and Jamaican ancestry. Certain personal hygiene practices documented among Haitian women living in Miami [21] and Haitian women living in Haiti [22, 23] were found to increase the susceptibility of contracting HPV [23] . These practices are thought to disturb the vaginal microbiome, which is associated with an increased risk of vaginal infections such as HPV [23] . Taken together, although descriptive in nature, this study is significant in that it addresses several gaps in the literature regarding the diagnosis of VaIN among older, minority women living with HIV in the US-specifically, women of the Black race.
Finally, the cooccurrence of VaIN and HIV is relevant particularly in regions with high HIV transmission rates, given the shared risk factors of the two conditions. Sociodemographic disparities, including racial/ethnic minority status and lower socioeconomic status, and behavioral risk factors-such as early sexual debut, multiple sexual partners, and cooccurrence of sexually transmitted infections-are risk factors shared by women living with HIV and women diagnosed with VaIN. Also, this is the only study that described the cohort by primary insurance coverage, a surrogate for socioeconomic status, and illicit substance use as well. We found significant differences among this cohort by insurance coverage and illicit substance use, where the Haitian Americans, who presented with higher grade VaIN, were not taking ARV and were uninsured at baseline, and the African Americans, who were more likely to endorse illicit substance use (and cigarette use), progressed to higher grade VaIN on follow-up. Furthermore, in the advent of highly active antiretroviral regimens, HIV can be managed as a chronic disease, and so individuals are living longer. Comprehensive, multisite, short-term, and longitudinal studies are needed to gain a better understanding of VaIN and vaginal cancer among older, minority women living with HIV in the United States.
Conclusions
In this cohort of Caribbean American and African American women living with HIV who were biopsied for vaginal lesions, Caribbean Americans had the highest grade of VaIN at initial diagnosis, but African Americans progressed to more advanced stages of the disease. Vaccination against the most oncogenic strains of HPV is a preventative measure that can be taken to reduce the risk of developing VaIN and vaginal cancer [26] but is not an option for older women. We, therefore, recommend a thorough evaluation of risk factors, targeted patient education, and closer follow-up of minority women diagnosed with VaIN to prevent potential progression of the disease.
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